Abstract: Nuclear power generator consists of nuclear reactor, steam generator, heavy water turbine, condenser, and hot well pump.
Introduction
Nuclear power generation is based on rankine cycle. Rankine cycle consist of process of pressure addition in pump house, heat addition in boiler, work developed in steam turbine and heat rejection in condenser. Advanced nuclear reactor uses uranium as a fuel and goes through number of chain reactions. Uranium-fuelled nuclear power is an efficient and clean way of boiling water to make steam; Nuclear reactor generated steam drives turbines. Nuclear reactor works like most gas-fired power stations or coal. Fuel is made up of heavy atoms that split when they absorb neutrons. Fuel is placed into the reactor vessel (basically a large tank) along with a small neutron source. Nuclear reactor uses coolant and moderator in the nuclear chain reaction process. Coolant is removing the thermal heat energy from nuclear chain reaction and converts coolant into steamin which the generated steam to drive steam turbine shaft. Nuclear fission is a nuclear reaction in which the nucleus of an atom breaks into tiny parts and producing free neutrons and photons (in the form of gamma rays). The key to maintaining a nuclear reaction within a nuclear reactor is to use the neutrons being released during fission to stimulate fission in other nuclei. It is also known as chain reaction because it sustain with self-control over the geometry and reaction rates. Function of moderator in the nuclear reactor is a medium that reduces the speed of fast neutrons, converting them into thermal neutrons, which are capable of controlling a nuclear chain reaction involving 235 U in the reactor. Commonly used moderators are heavy water solid graphite, water (light) in the nuclear reactor. Hydrocarbons, beryllium have also been used as moderator in the nuclear reactor. Neutrons are generally bound into an atomic nucleus, and do not sustain free for long in nature. The unbound neutron has a small half-life of just less than 15 minutes. The release of neutrons from the nucleus needs exceeding the binding energy of the neutron, which is typically 7-9 MeV. Whatever the source of neutrons, they are released with energies of some MeV. Water makes an excellent moderator. Heavy water is used as moderator in nuclear reactor. Heavy water contains a more proportion of the hydrogen isotope i.e. deuterium, either as deuterium oxide, D 2 O or H 2 O water, physically and chemically, it resembles water, the deuterium-to-hydrogen ratio is about 156ppm.Fluid (coolant) flows through core of nuclear reactor get converted into super-heated steam (high temperature, high pressure) and super-heated steam passes through steam turbine to drive turbine shaft.
Coolant and moderator flows through the nuclear reactor core. Coolant to absorb thermal energy in the nuclear chain reaction process and moderator controls high rate of speed of nuclear chain reaction process neutrons. Nuclear reactor consists of coolant and moderator two fluids. Coolant carries the thermal and pressure energy in the form of steam from nuclear core to steam turbine and moderator is used to control the fast neutron speed. In this project, investigation of operating parameter of moderator fluid like velocity, temperature, pressure and energy are carried out.
In this paper to investigate and analyze moderator thermal and fluid properties, when it flows in the vessel of advanced water nuclear reactor. This investigation and analysis of moderator thermal and fluid properties to predict heat transfer quantity of nuclear chain reaction inside and around calandria tubes and tanks. This investigation and analysis suggests taking necessary safety precautionary measures in the nuclear reactor chain reaction process. [ 
Literature Review
The Indian nuclear power program has been conceived bearing in mind that the optimum utilization of domestic thorium and uranium reserves with the objective of providing long-way energy security to the country. One of the needful elements of the Indian strategy is to increase the quality of the fuel utilization using a closed fuel cycle. This entails reprocessing of the spent fuel to recover fissile and fertile materials and its recycle back into the system. Considering this objective, the indigenous nuclear power program in India was initiated with Pressurized Heavy Water Reactors (PHWRs) using natural uranium and heavy water, and based on pressure tube technology. The pressure tube concept, used in PHWRs, has several advantages such as a high conversion ratio with well thermal energy acquired neutron spectrum due to cold moderator, physical separation of the high-temperature high-pressure coolant from the lowtemperature low-pressure moderator; low excess reactivity in the core arising out of on-power fuelling a greater flexibility in adopting different refueling schemes. [3] India has been operating and developing improved versions of its current generation PHWRs on the basis of international trends, operating experience and indigenous R&D inputs as a first stage. In the second stage of the Indian nuclear power program, plutonium from the natural uranium-based PHWRs will be used in FBR(Fast Breeder Reactors) for multiplying the fissile reaction. [4] Considering the large thorium reserves in India, the future systems, in the third stage of Indian nuclear power program, will be depend on thorium-233 U fuel cycle. While the initiation of the third stage, it will take place in the future; there is a requirement for the timely development of thorium-based technologies for the complete thorium fuel cycle. The Advanced reactor is being developed to fulfill this need.
Advanced water reactor is a 300 MWe, vertical pressure tube (PT) type, boiling light water cooled, and heavy water moderated reactor. The reactor integrates a number of passive safety structures and is related with a fuel cycle having concentrated environmental impact. In case of serve accident condition, such as loss of coolant accident, the fuel bundles are devoid of coolant & it tends to get heated up. The nuclear fuel bundles are housed in pressure tube, which is housed again in the Calandria tube. The temperature of the fuel pins rises & heat transfer become dominant [5] . This study of accident scenario is also been studied in this work. This work is carried out where it employs natural circulation system for cooling the reactor core under shutdown and operating conditions. The Main Heat Transport (MHT) System transports heat from fuel pins to steam drum by boiling light water as the coolant.
Methodology
To identify the safety problem of nuclear calandria vessel from previous research work, journals, etc. In this project, to identify the problems, to collect technical parameter of moderator, to affect the safety performance of nuclear calandria vessel, to develop the mathematical model by establishing relation among technical parameter with the help of momentum, energy and continuity equations.
Moderator flow in calandria tank is analyzed by using ANSYS FLUENT software to analyze the mathematical model of moderator flow in the calandria tank. GAMBIT is modeling software, which is used for developing geometry and mesh of the calandria tank in 2D and 3D modeling. Heavy water (D 2 O) is used as moderator, which is filled inside of calandria tank. There are two inlets of 50 mm dia, above 100 mm from the bottom end and opposite to each other and also there are two outlets of 50 mm dia below 100mm from top end of the vessel. Pipe length of inlet and outlet is same i.e. is 100 mm.
Result & Analysis
Moderator flow in calandria vessel of advance nuclear reactor is simulated using surface heating method. Experimental setup of advance water nuclear reactor model with specification of 3.5KW consist of 19 calandria tubes, 500 fuel channels, calandria vessel, coolant and moderator. 
Conclusion
Moderator flow in the Calandria vessel studied experimentally and validated by using simulation technique using the student CFD software. Interoperation of pressure Profile, Temperature profile and velocity profile and concluded as follows
Pressure Profile
Pressure profile shows and interrelates; the pattern of pressure is in ascending from -7.29e0.4 to 5.13e0.3. (Pattern is divided into three regions high-pressure region (5.13e03 to -2.22e04), medium pressure region (-2.61e04 to -7.29e04) and low-pressure region (-5.73e04 to -7.29e04)). Pressure varies from the region of -7.29e0.4 to 5.13e0.3. Minimum pressure is -7.29e0.4 and maximum pressure is 5.13e0.3. 
Temperature Profile
Temperature profile varies from 325k to 355k (bottom to top upward direction). Temperature profile is not that much steady as compare to pressure profile. It is in descending order from top to bottom in comparison of pressure profile. Hot region is near to top of the vessel. It is very necessary to remove heated moderator to avoid the overheating of core of nuclear power plant. And cold region is only at inlet of temperature 325k.
Velocity Profile
Velocity profile shows upward and outward of flow direction of flow. It is Cleary shows the laminar flow as there is not any eddies current. All the velocity vectors are in same direction as shown in figure indicating steady and laminar flow confirming low velocity of flow.
The above discussion includes all the three profiles. The tank contains cool low-pressure heavy water that surrounds fuel channels. Numerical Simulation of cross flow in staggered tube was performed using FLUENT 14.0 software. SIMPLE algorithm was tested. Viscous Laminar model was used, as Re number is 760 approx.
Data along with velocity and temperature distributions in different planes inside the tank are used to analyze the phenomena occurring inside the tank. The upper region has maximum temperature that is near to outlet and top end shell while low temperature is near to inlet and bottom end shell. As moderator get heated, it is necessary to remove moderator periodically to maintain moderate temperature of calandria vessel so that any accident should not occur. When simulated results are compared with experimental data (which is conducted in laboratory at Bhabha Atomic Research Center Mumbai), the results obtained were found nearly equal.
Future work
Calandria tank is very complex in terms of geometry and thermal aspects. Inside flow is totally depending on operating condition, heat generation inside the fuel bundles or calandria tubes and extra factors. Simulation showed that the inertia forces and buoyancy are the determining factors in the flow region within the tank. The fluctuations in the temperature and the velocity are powerfully location dependent and vary significantly in cold and hot zones. Based on this assessment the followings are suggested for the future works:  Geometry modifications: It is a proper theoretical pilot project to observe the effects of geometry change on the flow and temperature distributions inside the tank. It can include changes in the nozzle locations, nozzle angle and changes in the outlet pipe location.  Start-up phase modeling: The modeling phase is been prepared and the simulation will start from quiescent flow with zero velocity and temperature all over the domain. In this way we will be able to capture the physics involved in its entire entirety showing the initial phases, which lead to asymmetry in the tank.
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